Morphological characters and molecular analyses of Cichorium calvum and C. pumilum do not allow clear discrimination between these closely related wild species. Therefore, the aim of this study was to characterize the secondary metabolites of C. calvum and to select chemical markers which are unique to this species. From roots of C. calvum, ten sesquiterpene lactones were isolated, including seven lactucin-type guaianolides reported earlier from C. pumilum. Aerial parts also afforded secondary metabolites common to both species, along with the megastigmane glucosides staphylionoside D, saussureoside B and komaroveside A. This is the first report of the occurrence of these norisoprenoids in Cichorium species and the second record of their isolation from plants. Therefore, chemical discrimination of C. calvum is possible on the basis of its norisoprenoid composition.
The genus Cichorium (Compositae, tribe Cichorieae, subclade Cichoriinae) is represented by the two widely cultivated species Cichorium intybus L. and C. endivia L., and wild species, including C. calvum Sch. Bip., C. pumilum Jacq., C. spinosum L., and C. bottae A. Deflers, among others. In contrast to C. endivia, C. intybus is also found in the wild. Both species are leafy vegetables known as chicory and endive, respectively. Based on phylogenetic and genetic analyses the perennial C. bottae is the most divergent species, while the perennials C. intybus and C. spinosum form a clade which is sister to a clade of the annual species C. endivia, C. calvum and C. pumilum. However, no diagnostic molecular markers differentiating the taxa within the latter clade could be retrieved [1] and, therefore, a new approach using chemical data was needed. Phytochemically, C. calvum has not been analyzed to date. It is a self-compatible plant reaching 40-80 cm in height with slender taproot and blue florets. This species is mainly distributed in dry and hot regions of the Middle East and Southwest Asia.
The present study deals with the isolation of secondary metabolites from roots and aerial parts of C. calvum in order to compare their patterns with those reported for C. pumilum with the aim of evaluating their potential as chemical markers which might be employed to distinguish the two species. In our previous phytochemical studies, roots of C. pumilum revealed the presence of phenolics and sesquiterpene lactones, including four eudesmanolides and eight lactucin-type guaianolides [2a] , while aerial parts of the plant were characterized by the absence of sesquiterpene lactones and the presence of the coumarin, cichoriin, and the C-11 norisoprenoid loliolide, along with the C-13 megastigmane-type norisoprenoids S(+)-dehydrovomifoliol and two C-9 diastereoisomers of roseoside [2b]. Moreover, flavonoid compounds were reported from the plant [3] . Lactucin-type guaianolides are characteristic secondary metabolites of Cichorium species, predominating in the roots. The compounds are reported to have analgesic, sedative and anti-inflammatory activities [4] , among others. In the present study, ten sesquiterpene lactones were isolated from roots of C. calvum, including seven lactucin-type guaianolides (8-deoxylactucin, lactucin, its ester lactucopicrin, their 11β,13-dihydroderivatives, and crepidiaside B) found earlier in roots of C. pumilum [2a] , along with (4R)-3,4-dihydrolactucopicrin, the costus lactone-type guaianolide ixerisoside D and the germacranolide sonchuside A. (4R)-3,4-Dihydrolactucopicrin has been reported from aerial parts of C. spinosum [5] , while the remaining sesquiterpene lactones are all known as root constituents of C. intybus and C. endivia [6, 7] . Aerial parts of C. calvum lacked sesquiterpene lactones, but instead contained cichoriin, loliolide, α-xylofuranosyluracil, 3-indolecarbaldehyde and the C-13 megastigmane-type norisoprenoids staphylionoside D (1), saussureoside B (2) and komaroveside A (3) (Figure 1 ). Except for cichoriin and loliolide, this study is the first to describe the presence of these compounds in Cichorium species. The megastigmane glucosides 1 -3 represent rarely found natural products. So far, compounds 1, 2 and 3 have only been reported from Staphylea bumalda DC. (Staphyleaceae) [8] , Saussurea medusa Maxim.
(Compositae) [9] and Cardamine komarovii Nakai. (Brassicaceae) [10] , respectively. C. calvum can be additionally characterized by the presence of the megastigmane-type norisoprenoids 1-3, which are different from those previously found in C. pumilum [2b] . Therefore, the chemical results described here and in our earlier studies clearly discriminate C. calvum from the closely related C. pumilum based on their megastigmane-type norisoprenoid patterns. In particular, compounds 1-3 are recognized as unique chemotaxonomic markers of C. calvum. There is also an important agricultural reason for studying systematics of wild Cichorium species. C. pumilum and C. calvum occupy the primary gene pool for cultivated endive improvement [11] . Our results make a further contribution to the existing knowledge of the chemotaxonomy of Cichorium species and may be an aid to breeders working to improve endive cultivars. 
Experimental

Extraction and isolation:
The dried and powdered aerial parts (242 g) and roots (164 g) of C. calvum were separately extracted with EtOH at room temperature. The extracts were concentrated to dryness in vacuo to give 37 g and 16 g of residues, respectively. The former was chromatographed on a silica gel (Merck, Art. 7754) column eluted successively with n-hexane-EtOAc (up to 100% EtOAc), followed by an EtOAc-MeOH (up to 5% MeOH) gradient.
Further separation was conducted by preparative TLC (Merck, Art. 1.05553) and semi-preparative HPLC on a Delta-Pak C-18 column (particle size 15 μm, 25 x 100 mm) coupled to a dual wavelength UV/VIS detector operating at 210 and 260 nm, using H 2 O-MeOH mixtures at a flow rate of 3.0 mL min -1 . The elution of the silica gel column with n-hexane-EtOAc (7: 3 to 1: 1) afforded 3-indolecarbaldehyde (2.2 mg) and loliolide (14 mg), after purification by TLC (n-hexane-EtOAc, 1 : 1). More polar fractions, eluted with EtOAc, were separated by TLC (CHCl 3 -MeOH, 17: 3 ) and HPLC (H 2 O-MeOH, 3: 2 or 7: 3) to give α-xylofuranosyluracil (0.8 mg), cichoriin (3.8 mg), staphylionoside D (1, 1.9 mg), saussureoside B (2, 2.4 mg) and komaroveside A (3, 2.3 mg). In the case of the root extract, the same work-up procedures as described above were employed. Less polar fractions yielded a mixture of 8-deoxylactucin and its 11β,13-dihydroderivative (ca. 1: 1.3 by 1 H NMR, 7.4 mg), lactucopicrin (6.4 mg) and its 11β,13-dihydroderivative (2.1 mg), (4R)-3,4-dihydrolactucopicrin (2.2 mg), lactucin (9.7 mg) and its 11β,13-dihydroderivative (2.8 mg), after separation by TLC (CHCl 3 -MeOH, 9: 1) and HPLC (H 2 O-MeOH, 1: 1 or 3: 2). More polar fractions were purified by TLC (CHCl 3 -MeOH, 17: 3) to afford crepidiaside B (7.9 mg), sonchuside A (7.8 mg) and ixerisoside D (0.9 mg).
Compounds 1 [8] , 2 [9] , 3 [10] , and (4R)-3,4-dihydrolactucopicrin [5] were identified by comparison of their spectroscopic properties with those reported. The remaining compounds were characterized by direct comparison of their spectra and retention time values with those of compounds from our collection obtained from Lactuca [12] and Cichorium species [2, 6] in our earlier studies.
